There were numerous complaints regarding the quality of building projects performed by the Department of Building and Engineering Services (DBES) in Botswana. This empirical study has two objectives: first, to evaluate participants in DBES projects by using 16 identified factors in the project design phase that may influence the quality of building projects; second, to explore the inter-relationships between the 16 factors in the project design phase and the five measures of which the design phase takes cognisance. The study applied a quantitative research methodology. A total of 115 survey questionnaires were distributed to collect data. A descriptive and a multivariate analysis was performed.
INTRODUCTION: MOTIVATION OF THIS STUDY AND ITS AIMS
The Department of Building and Engineering Services (DBES) in Botswana is a merger of the previous Department of Architecture and Building Services (DABS) and Department of Electrical and Mechanical Services (DEMS). The newly merged department, DBES, is responsible for the implementation of government building infrastructure development projects. DBES has a pure project management structure: people working on a project are grouped together under a project manager who reports to an executive officer. It appears that the merging of the two departments has not led to better project quality, and there were numerous complaints about DBES building projects. This paper aims to evaluate participants in DBES projects against project success factors in order to identify key focus areas. Project success factors often fall into two groups: project planning and subsequent tactical operations, or implementation [1] . In previous research, the project design phase was found to have a great impact on overall project quality [2] . This paper identified 16 factors during the design phase that may influence the quality of projects. During the design phase, certain aspects are considered to ensure project success -constructability, for example, which may reduce the need for revision and changes during project execution [3, 4] . This study takes into account five aspects or measures of which the design phase of DBES projects should take cognisance. Moreover, the underlying relationships (using multivariate analysis) between the 16 factors and the five measures during the project design phase will be uncovered. The remainder of this paper is structured as follows: A short description of the DBES in Botswana is provided in Section 2. Section 3 provides a brief background to the factors (during the project design phase) that may influence project success, and the aspects of which the project design phase take cognisance (denoted as cognisant measures). Section 4 describes the research methodology used. The statistical results are reported in Section 5. The final section provides recommendations for managers and for future studies.
DBES IN BOTSWANA
The Republic of Botswana is situated in Southern Africa, nestled between South Africa, Namibia, Zimbabwe, and Zambia. The country is democratically ruled, and boasts a growing economy and a stable political environment. Botswana's economic progress since independence has been one of the few success stories of the African continent. According to the World Bank (in Economic Indicators 2004), twenty years ago the country was one of the 20 poorest countries in the world. Anderson [5] states that today Botswana is considered to be the richest non-oil producing country in Africa. Botswana has seen a substantial and consistent growth in its GDP, with a corresponding increase in development activities, processes, and projects in the country. This has led to a consistent growth in the construction industry, stimulated by many government projects initiated by its ministries. The increase in the number and complexity of the projects being implemented severely strained the resources of the two departments concerned, the Department of Architecture and Buildings Services (DABS) and the Department of Electrical and Mechanical Services (DEMS). Projects run by these two separate departments had huge cost overruns, took too long to complete, and were at times seen to be of poorer quality. The Botswana Government constituted two consortia -the Organisation Capacity Assessment (OCA) study and the Operational Efficiency Improvement (OEI) study -to review project management procedures and the organisational structure with a view to improving project delivery and efficiency.
Following the study, the Botswana Government decided to merge the DEMS and the DABS, believing that merging the two departments would lead to improved project delivery, and in particular to implementing projects within budget and time, and meeting clients' expectations with high performance. The merger of the two departments took place in 2004, creating the Department of Building and Engineering Services (DBES). The DBES's organisational structure is a pure project management structure. According to Steyn et al. [6] , in a pure project or 'projectised' structure, people working on a project are grouped together under a project manager who reports to an executive officer. They indicated that the pure project structure is preferred where projects are large and have a long duration. Moreover, when a project is of great strategic importance and it is important to complete the project within a short time, a pure project organisation structure should be considered for such a project. DBES employs about 168 professional staff and operates through three core divisions: the Project Implementation Division (PID), the Technical Services Division (TSD), and the Maintenance Division (MD). Other divisions or sections provide support services. The DBES defines its vision and mission in these terms: The merging of the two departments has not led to any significant reduction in delays and cost overruns of projects, and so its quality remains unacceptable. This study will look at the factors that influence project quality in the design phase of building projects, with a specific focus on projects in the Department of Building and Engineering Services (DBES). A justification for the study of the factors that influence the quality of a project in the design phase of projects is that incorrect and defective designs do have an enormous impact on the successful implementation of building projects. The quality of designs influences the implementation of the project, and thus the success or failure of the project. To a large extent the satisfaction that the end-user derives from a completed building depends on the quality of the input at the initial stages of the design. To allow the contractors to transform the design concepts and ideals into a physical product, the designers must provide wellillustrated drawings and detailed specifications. Any attempt to improve on the quality of designs at the design phase of the project will consequently improve the construction process and produce a building that will meet the end-user's expectations. In addition, the study of the factors that influence the quality of design will create an awareness of quality of design in the project sponsors, leading them to allow sufficient project resources at the early stages of the project.
RESEARCH FRAMEWORK
There are two parts in this section: first, the factors that influence project quality in the design phase of building projects; and second, the aspects of which the design process takes cognisance (called 'cognisant measures').
Factors that influence project quality in design phase
Building projects start with the project design phase, which "translates the primary concept into an expression of a spatial form which will satisfy the owner's requirements into an optimum and economic manner" [2] . During the project design phase the objectives, constraints, and specifications of the project are defined by a team of individuals [7] . In building projects many uncertainties could be eliminated during the early stage by addressing the scope of the project, the deliverables, the cost involved, and the schedule for delivery [6] . Effective management for project quality starts when the deliverables (which satisfy the need) are determined in this phase [8] . Customer satisfaction is considered one of the four project quality pillars that emerge from the conceptual foundation [9] , and thus customer / user requirements at the initial stages of projects (i.e., the design phase) should be specified or clearly defined to avoid design deficiencies that may cause contract modifications during the implementation of the project [10] .
In this study the authors identified three categories of factors in the project design phase that may influence project quality: project management principles, involvement of role players, and project scope.
Project management principles
These principles are most often learnt from experience, and may be applied to all projects to ensure success. In this study the following principles to be included during the design phase of DBES's projects have been identified:  DBES's process to select the design team to meet the client's requirements and expectations;  adherence to design brief from clients;  DBES's commitment to continuous quality improvement;  DBES leadership's commitment to adhere to procedures and specifications at the design phase;  comprehensiveness of drawings and specifications;  visibility of the total life cycle cost during the design phase; and  use of lessons learned to improve the quality of designs.
Involvement of role players
Inputs from project participants (role players) during the design phase will clarify the project's scope, planning, and scheduling, and eliminate uncertainties in the future [11] . The involvement of the following role players during the design phase is important to DBES project quality:
Other stakeholders
Project scope
Inadequate or poor scope definition may negatively influence project performance and result in the failure of projects [12] . Moreover, it may lead to a poor design basis and adversely affect projects [13] . Project scope related factors identified in this study are:
 sufficient project information provided by DBES;  completeness and clarity of the scope definition provided by DBES;  pre-project planning effort on government projects by DBES;  stability of (fewer changes in) design brief or project requirement during the design phase; and  management of changes in design brief at the design phase.
Cognisant measures
There are certain aspects that the design process should consider in order to achieve a positive outcome at a later stage. For example, value management is important "when developing the design from the project brief at the conceptual design stage, as well as in limiting any variations to those that are absolutely essential" [2] . Another important aspect that the design process of construction projects should take into account is the project life cycle view, so that projects are designed with constructability, maintainability, supportability, and the control of total cost in mind. The aspects ('cognisant measures') that the design process of construction projects should take into consideration are identified in this study as cognisance of: A total of 70 completed questionnaires were returned -a response rate of 61%. From the returned questionnaires, it was found that respondents who had more than five years' experience constituted 70% of the sample population, and all of the respondents had participated in DBES building projects. This indicates the validity of the sample and the data collected.
Questionnaire design and statistical methods
There are three parts to the questionnaire design:
i. Attributes of the respondents: years of experience, professions or training, sectors of employment. ii.
Factors during design phase that influence building project quality. iii.
Aspects of which design phase takes cognisance (cognisant measures).
Respondents were asked to use a Likert scale of 5 to rate each factor from 1 (very low) to 5 (very high). These ratings were used to evaluate participants involved in DBES projects against project success factors in order to identify key focus areas.
In the first part of the data analysis, the SPSS statistical software was used to determine the means and standard deviation of the attributes of the respondents, the factors, and the measures in the design phase. Moreover, a reliability test was done on the factors to determine how well the items measured a single, uni-dimensional latent construct -in this study, how well the factors could be represented as a category. The second part of the data analysis explored the differences between the independent groups (which were identified based on the attributes of the respondents) in their rating of the factors. Independent sample t-tests were used to explore any significant differences in the group means. The third part is a multivariate analysis that explored the interrelationships between the factors and the cognisant measures in the design phase.
ANALYSIS OF DATA AND DISCUSSION

Descriptive statistics: attributes of respondents
The frequency counts of the respondents' attributes are shown in Table 1 .
The results of the frequency counts further identified two possible independent groups (of equal size) within the same attribute. Exploring the years of experience in Table 1 , respondents working for 10 years or less were 58.6% of the population (i.e. 32.9% + 25.7%); on the other hand, respondents working more than 10 years in DBES projects were 41.4%. Two independent groups with similar group sizes were identified in the total sample population as '≤ 10 years' (denoted as Group 0) and '> 10 years' (denoted as Group 1).
Multivariate analysis: factors and measures
The purpose of this analysis was to explore the relationships between the factors and the cognisant aspects. These relationships will indicate how the project participants' performances (with respect to a specific success factor) and their cognisance of a specific cognisant measure relate to each other. The framework of this analysis is shown in Figure 1 , and the statistical results are shown in Table 8 .
'Involvement of building contractors' (B1) has positive and significant impact (at a significant level of p<0.01) on all cognisant measures, except for 'cognisance of end-users' requirements and expectations'. This means that the greater the involvement of building contractors, the more the project participants consider time management, value management, project life cycle view, and communication management.
'Process of managing changes in the design brief' (C5) has a negative impact (significant at p<0.05) on the cognisance of time management, and a positive impact on the cognisance of value management. This result suggests that the better the project participants handled the process in managing changes in the design brief, the less important they considered time management to be.
Five factors have only slightly significant impacts (p<0.1). 'Adherence to design brief from clients' (A2) has a negative impact, and 'use of lessons learned to improve the quality of designs' (A7) has a positive impact on cognisance of time management. The 'process of management of changes in design brief' (C5) has a positive impact on cognisance of time management. 'Clarity and completeness of the project information provided by DBES' (C1) has a negative impact on cognisance of the project life cycle view. 'Pre-project planning effort on government by DBES' (C3) has a positive impact on cognisance of end-users' requirements and expectations. This paper has shown statistical evidence of less than satisfactory performance by project participants during the DBES building projects design phase. That is, all factors have mean values of less than 3 (mid-point on a scale of 5). The key focus area that needs the most attention is Adherence to project principles during design phase (which has the lowest score out of the three categories). DBES may improve upon three factors in order to address this problem: commitment to continuous quality improvement, using lessons learned to improve quality of designs, and greater visibility of the total life cycle cost during the design phase.
From the descriptive analysis of the respondents' attributes, this study identified two independent groups within each of the attributes. Independent samples t-tests were performed to explore any significant differences in the rating of the factors.
Compared with participants with less than 10 years experience, those with longer experience were less able to manage changes in the design brief. This study assumes that respondents with fewer years of experience are younger and have learnt the most updated project management tools and techniques, possibly helping them to manage design brief change processes better. On the other hand, respondents who had longer experience may not necessarily have previous formal project management education. It is recommended that continued education be provided to those participants who have no previous knowledge of project management, with a particular focus on project management in DBES.
Independent samples t-tests explored another important issue further. Participants in DBES projects from the public sector (e.g. government officials) had direct communication with the end-user and passed on the information about design requirements to the participants in the private sector (e.g. design consultants). Information may be inaccurately interpreted and lost when transferring it from the public sector to the private sector. Inaccurate information may contribute to the reasons for poor design quality that does not meet the specifications. So it is recommended that all three parties be involved in the project design phase so that direct communication takes place between all of them (see Figure 2 ).
There seems to be a problem of co-ordination between the non-construction group (e.g. electrical & mechanical services) and the construction (e.g. architectural). The statistical evidence shows this: all the stakeholders from the construction side were less involved. Not involving all the stakeholders may require correctional work after the building has been completed. For example, if an architect does not involve an electrical engineer in the design phase, the plans may locate an air-conditioning system such that the electrical engineer has difficulty in operating or maintaining it at a later stage. It is therefore recommended to include all stakeholders in the design phase to ensure better co-ordination in the later stages of projects (i.e. design for maintainability).
Moreover, this paper has revealed certain relationships between the success factors and the cognisant measures. The most important factor is the involvement of contractors, which has a positive influence on how well the participants take cognisance of time management, value management, and communication management. Perhaps the contractors have provided the project participants with the relevant knowledge. The involvement of the contractors has no effect on the cognisance of end-users' requirements and expectations. This may be attributed to the fact that contractors and end-users do not communicate directly. One may assume that the involvement of end-users (B2) should enhance the cognisance of their requirements and expectations (M4). However, this is not the case in DBES projects. As discussed previously, there is a weak link between the DBES project endusers and the DBES project participants from the private sector. This may contribute to the reasons for poor design quality that does not meet specifications. Thus, by bridging the missing link as recommended in Figure 2 , the cognisance of end-users' requirements and expectations may be improved (see Figure 3 ). Although these results are only slightly significant, one can still identify the problem areas in DBES projects.

The more that project participants adhere to the design brief from the clients, the less they take cognisance of time management. This finding suggests that time is subordinated to project quality. In other words, project quality is of prime importance in the case of DBES building projects; and the lower consideration of time may be the cause of delays in DBES projects.  When project participants perform better in the process of managing changes in the design brief, they tend to take less cognisance of time management. To manage changes in the project design effectively, a configuration management (CM) approach can be used where controlling the changes to the item and its documentation is part of such an approach. When clients request changes in the design brief, one has to consider how this change may affect the time and cost of the project. Project participants know that CM is time-consuming, and time delays are inevitable. Therefore they may not make time a priority, considering project quality and cost to be more important.
The clearer and more complete the project information provided by DBES is, the less the project participants take cognisance of the project life cycle view. The clearer and more complete information may include the necessary tasks allocated to participants in more detail (e.g. participant A has to perform task A at phase A of the project life cycle). Thus at each phase, participants feel that it is not necessary for them to consider or take care of other phases in the life cycle because they know in advance what their tasks are and when to perform them. All they need to do is 'follow the plan' in their allocated phase. On the other hand, if the information provided by DBES is vague or incomplete, project participants may be more uncertain about their tasks and feel that they need to see the 'whole picture' (i.e. the project life cycle view) in order to figure out where their tasks fall within the life cycle.
When comparing the three categories, Category A (adherence to project management principles) has more influence on how project participants take cognisance of the project life cycle view (M3), end-users' requirements and expectations (M4), and communication management (M5). Since project management principles are organisation-specific (i.e. they differ from one organisation to another), and since in DBES it seems that these principles take the above-mentioned aspects into account, it is recommended that these principles also take into account the other two aspects (communication management and time management) to improve DBES projects further. For example, time management helps projects to be completed within the time schedule, and communication management allows project participants 'to understand profoundly the status and level of progress in the project' [14] .
Several areas for future study can be suggested. First, DBES may also be evaluated against factors during other project phases, such as the execution phase. This may point to other key focus areas to ensure better project quality. Second, this study only considers three key focus areas (the three categories) of the design phase; the framework may be extended further by exploring other focus areas as well. For example, environmental impact factors can also be taken into consideration during the project design phase. Third, similar studies may be performed in other African countries for benchmarking purposes. There may be common trends in the problem areas in the African environment, of which investors should take note.
